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Impact of the Commercialization of Three Generic
Angiotensin II Receptor Blockers on Adverse Events in
Quebec, Canada
A Population-Based Time Series Analysis

Jacinthe Leclerc, RN, MSc; Claudia Blais, PhD; Louis Rochette, MSc; Denis Hamel, MSc;
Line Guénette, BPharm, PhD; Paul Poirier, MD, PhD

Background—Once the patent of a brand-name drug expires, generic drugs are commercialized, and substitution from
brand-name to generics may occur. Generic drug equivalence is evaluated through comparative bioavailability studies.
Few studies have assessed outcomes after generic drug commercialization at a population level. We evaluated the impact
of 3 generic angiotensin II receptor blockers commercialization on adverse events: hospitalizations or emergency room
consultations.

Methods and Results—This is an interrupted time series analysis using the Quebec Integrated Chronic Disease Surveillance
System. Rates of adverse events for losartan, valsartan, and candesartan users (N=136177) aged =66 years were
calculated monthly, 24 months before and 12 months after generics commercialization. Periods before and after generics
commercialization were compared by negative binomial segmented regression models. Sensitivity analyses were also
conducted. For all users, there was a monthly mean rate of 100 adverse events for 1000 angiotensin II receptor blocker
users before and after generic commercialization. Among generic users of losartan, valsartan, and candesartan, there
was an increase in rates of adverse events of 8.0% (difference of proportions versus brand-name, 7.5% [95% confidence
interval, —0.9% to 15.9%]; P=0.0643), 11.7% (difference of proportions, 17.1% [95% confidence interval, 9.9%—
24.3%]; P<0.0001), and 14.0% (difference of proportions, 16.6% [95% confidence interval, 7.9%-25.3%]; P<0.0001),
respectively, the month of generic commercialization. The monthly trend of adverse events was affected for generic
versus brand-name losartan users only (difference of proportions, 2.0% [0.7%—3.4%]; P=0.0033) <1 year after generics
commercialization. Similar results were found in sensitivity analyses.

Conclusions—Among generic users, immediate or delayed differences in adverse events rates were observed right after
generic commercialization for 3 antihypertensive drugs. Rates of adverse events remained higher for generic users.
Increases were more pronounced for generic candesartan, which is the studied product with the largest difference in
comparative bioavailability. Risk and survival analysis studies controlling for several potential confounding factors
are required to better characterize generic substitution. (Circ Cardiovasc Qual Outcomes. 2017;10:e003891. DOI:
10.1161/CIRCOUTCOMES.117.003891.)
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( ; eneric drugs are alternatives to brand-name drugs once
the patent expires. Known as being generally less

expensive, they are economically beneficial for patients,
healthcare systems, and third-party payers."* To achieve
substantial healthcare cost reductions, the provincial gov-
ernment of Quebec, Canada, promotes generic substitutions
and restricts access to brand-name drugs by economical and
administrative strategies.”> Once generic analogs become

available, market is then shared between brand-name and
generics, but little is published about the rate of this market
sharing, neither regarding the clinical impact of generics
commercialization.

Generic and brand-name drugs are assumed to be clini-
cally equivalent and are used interchangeably once approved
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WHAT IS KNOWN

* Generic drugs are licensed by health authorities fol-
lowing acceptable data from comparative bioavail-
ability studies. Of the few studies that have assessed
the impact of generic drugs commercialization on
outcomes in the population treated in cardiology,
most have found discordant results.

WHAT THE STUDY ADDS

* The population using generic angiotensin II recep-
tor blockers had higher rates of hospitalizations and
emergency room consultations.

* The difference was most pronounced in the first
month and with candesartan.

* These important results merit further attention through
systematic public health surveillance and more studies
considering all potential confounding factors.

by the health authorities, such as Health Canada, and mar-
keted.® Bioequivalence, involving comparability of pharma-
cokinetic profiles of 2 pharmaceutical products containing
the same amount of the active ingredient and presenting the
same galenic formulation, is required for homologation of new
generic compounds.® In Canada, the standards for comparative
bioavailability of generic and brand-name products used to
demonstrate bioequivalence are (1) the area under the curve of
the last quantifiable concentration and (2) the maximal concen-
tration (C, ) after dosing. The 90% confidence interval (90%
CI) of the relative mean of the area under the curve of the last
quantifiable concentration and the relative mean of C__ (ratio
only) should range within 80% and 125% to be considered bio-
equivalent. These regulations are stricter for 9 narrow thera-
peutic index drugs in Canada and may vary across countries.
Doubts were raised in the literature regarding clinical
equivalence of generic drugs after substitution versus their
brand-name counterpart in several therapeutic fields.”"7 A
recent meta-analysis including studies of generic and brand-
name cardiovascular drugs did not show a significant differ-
ence in terms of safety or tolerability between the 2 types of
drug.'® However, a systematic review of editorials addressing
generic drug substitution in cardiology depicted a majority of
negative views on clinical equivalence.'® Most of population-
based, time series analyses support generics commercializa-
tion but are only evaluating prescription rates or economical
outcomes.”?! Three studies evaluating clinical outcomes after
generics introduction with time series reported conflicting
results.!>?22 Whether bioequivalence of generic drugs trans-
lates into clinical equivalence at a population level is unclear.
The present study aimed to (1) characterize the entry of the
generic angiotensin II receptor blockers (ARBs) analogs on
the Canadian market and (2) evaluate the impact of generic
ARBs commercialization on adverse events (any causes emer-
gency room (ER) consultations or hospitalizations) in elderly
patients in real-life conditions. We hypothesized that there
would be a difference in rates of adverse events after generic

Generics Commercialization and Adverse Events

ARBs commercialization compared with the period before
their availability.

Methods

Source of Data

Data of this observational retrospective interrupted time series
study was retrieved from the Quebec Integrated Chronic Disease
Surveillance System (QICDSS).>* The QICDSS is a twinning of
5 medico-administrative files held by the public health insurance
board in Quebec, named Régie de [’assurance maladie du Québec
(RAMQ) and the health ministry. Four of these files were used: the
health insurance registry, hospitalizations, medical, and pharma-
ceutical services claims databases. Of note, public drug insurance
is universal in Quebec, Canada, and =90% of citizens 265 years
old were publicly insured in 2011 to 2012.>** Data are linked by
a unique anonymized identification number and are updated on
a yearly basis. As of May 2017, data are available from January
1, 1996, to March 31, 2015. This study is part of the continuous
chronic disease surveillance mandate granted to the National Public
Health Institute of Quebec (Institut national de santé publique du
Québec; INSPQ) by the provincial minister of health and social ser-
vices. All surveillance activities of this mandate are approved by the
provincial Ethics Committee of Public Health. No informed consent
was required.

Study Drug and Exposure

A total of 3 brand-name ARBs and 16 generic analogs were stud-
ied. The ARBs drugs were losartan, valsartan, and candesartan, of
all dosages, identified by their respective drug identification number
in the pharmaceutical services claims database. All generic versions
commercialized within 6 months of patent expiry were included in
the study. Brand-name losartan® lost its patent in January 2012, and
8 generics versions were included in the analysis. Brand-name val-
sartan®’ and candesartan® lost their patent, respectively, in January
and April 2011. It was followed by the commercialization of, respec-
tively, 5 and 3 generic analogs included in the analysis. Exposure
to generic or brand-name drugs was captured at an individual level,
reflecting each patients’ actual drug exposure for every single day of
contribution to monthly cohorts. In other words, all included patients
had an active claim of at least 1 day in the given month (Figure IA
in the Data Supplement). Person-day exposure was calculated from
the drug identification number, as well as the start date and duration
of prescription dispensed from pharmaceutical claims in the database
(Figure IA and IB in the Data Supplement). As a claim might be done
before all pills from previous claim are used, exact generic drug start
date for group attribution was corrected by continuous multiple inter-
val measure of oversupply.”” Continuous multiple interval measure
of oversupply was calculated retrospectively, 4 months preceding
the beginning of each series. Individual person-months contribution
to the series were only recorded if patients had an active generic or
brand-name drug claim in their possession (Figure IA in the Data
Supplement); therefore, patients with no active drug claim were not
contributing to the series. Each series were constituted of 36 open
monthly cohorts. For example, a persistent patient could have con-
tributed to the full series, while a nonpersistent patient contributed
only during periods of usage (Figure IB in the Data Supplement).
More details on monthly cohorts and exposures are available in the
Data Supplement.

Study Periods for Interrupted Time Series

Study periods were determined by the date when the patent of each
brand-name drug expired and generic analogs were marketed and
available. Consequently, each drug has a different study time frame.
The exact date when a patient claimed the first generic analog for
the first time, for each brand-name drug, indicated the month when
generics were commercialized. Interrupted time series™ were consti-
tuted of all patients aged =66 years old users of losartan, valsartan,
or candesartan who were observed for adverse events every month,
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24 months before and 12 months after generics commercialization
(36 transversal observations). Consequently, the number of person-
months at risk varied monthly, giving no possibility to measure drug
adherence or switches from brand to generics.

Adverse Events

Adverse events considered were any causes of ER consultations or
hospitalizations. No specific diagnosis associated with adverse events
was selected because of the wide range of nonspecific symptoms po-
tentially leading to ER consultations or hospitalizations. With known
different bioavailability for generic ARB drugs (as documented in
generic drugs’ product monographs), theoretical acute or delayed
variations in efficacy are possible and may lead to adverse drug reac-
tions (eg, dizziness, diarrhea, headache, coughing, hypotension) or
lack of efficacy (hypertension or congestive heart failure, depending
on the severity of the cases), potentially leading to ER consultations
or hospitalizations.?2

Statistical Analyses

Study Drugs

Proportions of utilization of brand-name/generic drugs of losar-
tan, valsartan, and candesartan were calculated daily, from the
moment of commercialization of generic analogs until the end of
availability of information in the pharmaceutical services claims
database (March 31, 2015). This was expressed graphically to
represent market shares evolution for each drug after generics
commercialization.

Interrupted Time Series and Segmented Regressions

Descriptive statistics of all relevant patients’ characteristics were per-
formed, including proportions, means, and standard deviations, as
appropriate. Time series® were used to report crude monthly rates
of adverse events, including ER consultations or hospitalizations, 24
months before <12 months after generics commercialization. These
interrupted time series were represented graphically for all users
and specifically for generics versus brand-name users after generics
commercialization. Negative binomial segmented regression models,
which generalize the Poisson regression models in the presence of
overdispersion,® were performed to assess the difference in trends
of adverse events after versus before arrival of generic analogs on
the market for all users and according to generic and brand-name
exposition. For each drug, there were 3 models, each modeling a
type of adverse events (the rates of ER consultations, hospitaliza-
tions, and both) and 2 sets of these models. The first one evaluated
the significance of sudden shift in rate level of adverse events and
changes in trends after generics commercialization in the popula-
tion. The second set of models included a specific variable identify-
ing generic versus brand-name users in the population. Time series
regression parameters and equations are presented in Table VI in the
Data Supplement. A contrast test between regression coefficients was
performed to compare statistical significance of the difference for ge-
neric versus brand-name users in terms of level of adverse events,
the month of generics commercialization, and trends of adverse
events in the year after generics commercialization, with differences
in proportions and their respective 95% Cls. All regression models
were verified for their respective validity assumptions (first-order
autocorrelation and seasonality) by residuals graph examination and
Durbin—Watson statistic.*® A sensitivity analysis was performed us-
ing adjusted autoregressive models for the time series data, control-
ling for autocorrelation and seasonality. A second sensitivity analysis
was performed without correction for continuous multiple interval
measure of oversupply. Because it is not possible to adjust the coeffi-
cients of these models to account for potential confounding factors, a
third sensitivity analysis was performed by stratification of each time
series based on the number of cardiovascular comorbidities associ-
ated to the risk of adverse events, as detailed in the method section in
the Data Supplement. Stratification of each time series based on the
socioeconomic status was also performed, as well as a falsification
analysis with specific versus nonspecific cardiovascular outcomes, as

Generics Commercialization and Adverse Events

described in the Data Supplement. Results were interpreted against
documented differences in bioavailability of generic and brand-name
drugs (as per respective product monographs). The significance level
was set at 5%. All analyses were performed with SAS Enterprise
Guide 7.1 (SAS Institute Inc., Cary, NC).

Results

Proportions of utilization of generic analogs after patent expi-
ration of brand name losartan, valsartan, and candesartan are
presented in Figure ITA through IIC in the Data Supplement,
respectively. There was a rapid increase of market shares for
generic analogs once they became available for the popula-
tion. Losartan generics reached 50% of market shares within
2 months, whereas it took 1 year for generic valsartan and
candesartan analogs to reach 50% of respective market shares.
The proportion of brand-name users 2 to 3 years after gener-
ics commercialization of losartan, valsartan, and candesartan
falls under 5%.

Losartan, valsartan, and candesartan users who contributed
in these times series were around 60% women, in average 76
to 77 years old with >3 cardiovascular comorbidities for more
than a third of patients (Table 1). Among all of these ARB
users, prevalence of hypertension was 84% to 88%; ischemic
heart disease, 37% to 40%:; heart failure, 13% to 15%; and
diabetes mellitus, 29% to 33%. They were using in average 10
concomitant drugs.

Losartan

Brand name losartan lost its patent in January 2012, and the
first prescription of generic losartan was claimed on March 15,
2012. There were 28539 different losartan users who contrib-
uted between 15288 and 17765 persons-months during the
3-year study period (Figure III in the Data Supplement). There
was a rate of 107 adverse events per 1000 person-months at
risk at the beginning of the observation period (Figure [A]).
The month when generics were commercialized, the observed
rates of adverse events per 1000 person-months at risk were
114 for generic versus 104 for brand-name users. Interrupted
time series analysis revealed an 8.0% increase of adverse
events for generic users right after generics commercialization
versus stability for brand-name users (0.5%), resulting in a dif-
ference of 7.5% (95% CI, —0.9% to 15.9; P=0.0643; Table 2).
This immediate difference was explained by a change of ER
rates for generic versus brand-name users (8.5% [95% CI,
0.0% to 17.0%]; P=0.04; Figure IVA and Table II in the Data
Supplement). Concomitantly, hospitalizations were similarly
reduced for both generic and brand-name users (=5.1% ver-
sus —5.6%, difference of 0.5% [95% CI, —13.0% to 14.0%],
P=0.9433). Trend of adverse events <1 year after generics
commercialization was modestly affected in the population
(both groups together, 0.6% [0.0%—1.3%]; P=0.06; Figure VA
in the Data Supplement). Specifically for generic users, it was
stable, while there was a decrease in adverse events for brand-
name users (difference of 2.0% [0.7%-3.4%]; P=0.0033).
This difference was explained by a modestly increasing trend
of hospitalizations for generic users while a decreasing trend
for brand-name users (1.2% versus —2.1%, difference of
3.3% [0.7%—-5.9%]; P=0.0126). Regarding ER consultations,
there was a decrease in rates for both groups, but it was more
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Table 1. Characteristics of Losartan, Valsartan, and Candesartan Users During the 3-Year Study
Period
Drugs and Study Periods
Losartan (March 2010 | Valsartan (April 2009 = Candesartan (July
to February 2013) to March 2012) 2009 to June 2012)
Characteristics
Age,y 77 76 76
Women, % 62.8 59.6 61.0
Comorbidities
All comorbidities, n 3.3x2.1 3.0+£2.0 3.0+£2.0
>5 comorbidities, % 244 20.0 20.2
Cardiovascular comorbidities, n 2.5+1.6 2.3+1.6 2.3+1.6
>3 cardiovascular comorbidities, % 39.5 345 35.1
Hypertension, % 87.5 84.0 86.9
Ischemic cardiomyopathy, % 40.3 36.6 36.6
Heart failure, % 14.8 12.6 13.0
Stroke, % 11.8 9.8 10.5
Cardiogenic shock, % 0.4 0.4 0.4
Diabetes mellitus, % 33.4 29.3 29.5
Cardiac arrhythmia, % 12.7 12.0 12.2
Acute pulmonary edema, % 1.0 0.9 0.9
Renal failure, % 12.7 10.7 11.6
Heart valves disease, % 6.5 6.1 6.3
Chronic pulmonary obstructive disease, % 23.4 22.5 21.9
Concomitant drugs
Nonproprietary name, n 10.4+6.6 9.7+6.4 9.8+6.3
Socioeconomic status (lowest quintile is favored)
Lowest quintile of social deprivation, % 15.6 15.6 15.2
Highest quintile of social deprivation, % 23.5 23.4 23.3
Lowest quintile of material deprivation, % 19.5 16.7 17.8
Highest quintile of material deprivation, % 215 22.5 21.0
Region of residence
Urban (>1.5 million inhabitants), % 50.3 50.3 479
Rural (<10000 inhabitants), % 19.9 19.9 19.6

Data are presented as proportions or mean=standard deviations.

pronounced for brand-name users (—=0.2% versus —2.1%, dif-
ference of 1.9% [0.5%—-3.2%]; P=0.0081). Similar and pro-
portional results were found in sensitivity analysis (Figure
VIA in the Data Supplement). One studied generic showed
statistically different bioavailability features compared with
brand-name drug® and was used by 8% of the studied popula-
tion the year after generics commercialization.

Valsartan

Brand-name valsartan lost its patent in January 2011, and the
first prescription of generic valsartan was claimed on April 20,
2011. There were 59 500 different valsartan users who contrib-
uted between 29715 and 35877 persons-months during the
3-year study period (Figure IIT in the Data Supplement). There

was a rate of 104 adverse events per 1000 person-months at
risk at the beginning of the observation period (Figure [B]).
The month of generics commercialization, the observed rates
of adverse events per 1000 person-months at risk were 133 for
generic users versus 98 for brand-name users. Interrupted time
series analysis revealed a 11.7% increase of adverse events
for generic users right after generic commercialization versus
a decrease for brand-name users (-5.4%, resulting in a dif-
ference of 17.1% [9.9%—-24.3%]; P<0.0001; Table 3). Similar
results were found when itemized for hospitalizations or ER
consultations for generic versus brand-name users (Figure [IVB
and Table III in the Data Supplement). Trend of adverse events
—1 year after generics commercialization was not affected in
the population (both groups together: 0.0% [-0.7% to 0.6%];
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Figure. Interrupted time series analysis of adverse events

24 months before and 12 months after commercialization of (A) 8
generic losartan analogs, (B) 5 generic valsartan analogs on the
market, and (C) 3 generic candesartan analogs on the market.

P value from contrast test: ecoeﬁicient-W(generics) VS ecoemcient-1(brand-name)'
95% Cl indicates 95% confidence interval around the difference
in proportions; and difference, difference in proportions of
change in adverse events between generic and brand-name
users.
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P=0.9149; Figure VB in the Data Supplement). There were
no statistical differences in trends of adverse events between
groups (0.0% difference [-1.0% to 1.1%]; P=0.9405), even
though observed rates were consistently higher for generic
versus brand-name valsartan users. Similar and proportional
results were found in sensitivity analysis, for patients at high
and low cardiovascular risk (Figure VIB in the Data Supple-
ment). One out of the 5 studied generics of valsartan showed
statistically different bioavailability features compared with
brand-name drug® but was used by only 4% of the studied
population the year after generics commercialization.

Candesartan
Brand-name candesartan lost its patent in April 2011, and the
first prescription of generic candesartan was claimed on July
6, 2011. There were 48 138 different candesartan users who
contributed between 23 838 and 30843 persons-months during
the 3-year study period (Figure III in the Data Supplement).
There was a rate of 89 adverse events per 1000 person-months
at risk at the beginning of the observation period (Figure [C]).
The month of generics commercialization, observed rates
of adverse events were 143 for generic users versus 94 for
brand-name users. Interrupted time series analysis revealed
a 14.0% increase of adverse events for generic users right
after generic commercialization versus a modest decrease for
brand-name users (-2.6%, resulting in a difference of 16.6%
[7.9%-25.3%]; P<0.0001; Table 4). Similar results were
found when itemized for hospitalizations or ER consultations
for generic versus brand-name users (Figure IVC and Table
IV in the Data Supplement). Trend of adverse events <1 year
after generics commercialization was modestly affected in the
population (both groups together: —0.8% [-1.5% to —0.2%];
P=0.01; Figure VC in the Data Supplement). The year after
generics commercialization, however, there were no statistical
differences in trends of adverse events between groups (0.1%
difference [-1.1% to 1.2%]; P=0.8989), even though observed
rates were consistently higher for generic versus brand-name
candesartan users. Similar and proportional results were found
in sensitivity analysis, for patients at high and low cardiovas-
cular risk (Figure VIC in the Data Supplement). All 3 studied
generics showed statistically different bioavailability features
compared with brand-name drug.?*3

Autocorrelation was evaluated by examining residuals and
considering the Durbin—Watson test. Both were not significant.
To confirm the absence of autocorrelation, a sensitivity analy-
sis was performed using autoregressive models, and no differ-
ence was found versus our original analysis. Negative binomial
segmented regression models were then considered valid. The
second sensitivity analysis, without continuous multiple inter-
val measure of oversupply, found similar results. As presented
earlier, the last sensitivity analysis, with a stratification based
on the number of cardiovascular comorbidities associated to
the risk of adverse events, yielded similar results. Post hoc
stratification for the socioeconomic status yielded similar
results as well (data not shown). With highly labile curves and
some low denominators, results from the falsification analysis
revealed consistent differences in rates of specific cardiovas-
cular outcomes between generic and brand-name users and no
difference in rates of nonspecific cardiovascular outcomes for
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Table 2. Estimation of Rates of Adverse Events 24 Months Before and 12 Months After Generic Losartan Commercialization

Difference in
All Users Generics Brand Name Proportions 95% Cl
Trend before generics commercialization (%, 1st to 23rd month) -0.3* NA -0.31 NA NA
Level change the month of generics commercialization (%, 24th month) 2.8 8.0t 0.5 7.5 -0.91t015.9
One-year trend change after generics commercialization (%, 24th to 36th month) 0.6 0.0 -2.0f 2.0* 0.7t03.4

For interrupted time series analyzed by negative binomial segmented regression (% = e°fcet1x100). All users include generic and brand-name users; generics
include 8 different versions of generic losartan. 95% Cl indicates 95% confidence interval around the difference in proportions; and NA, not applicable; difference in

proportions of change in adverse events between generic and brand-name users.

*P<0.01.
1P<0.05.
$P<0.001.

losartan and candesartan (Figures VIIA and VIIC in the Data
Supplement).There was an increased rate of nonspecific car-
diovascular outcomes for early generic valsartan users (Figure
VIIB in the Data Supplement). However, this increase resulted
in a nonstatistically significant difference issued from the seg-
mented regression model (month of generic valsartan com-
mercialization: 9.1% [-14.2% to 32.4%]; P=0.42; <1 year
after: 0.6% [-25.6% to 26.9%]; P=0.8).

Discussion

This study examined the clinical and populational impact of
generics commercialization of 3 ARBs compounds: losartan,
valsartan, and candesartan. For generic users, we observed
differences in rates of adverse events after generics commer-
cialization using time series analysis. To our knowledge, this
is the first ecological study assessing clinical outcomes with
time series analysis after generics commercialization using a
specific variable distinguishing between generic and brand-
name users.

As expected, a rapid shift in market shares in favor of
generic drugs was observed. The last brand-name ARBs to
lose its patent, in our study, was losartan in 2012. It reached
50% of market shares in 2 months, while it took 1 year for
generics valsartan and candesartan. This could hypothetically
be explained by better confidence of pharmacists to switch
patients to a generic formulation because they did not notice
major individual problems during previous experiences (val-
sartan and candesartan). Prescribers were maybe more con-
fident too, for the same reasons, and stopped using the “Do
not substitute” writing on prescription labels. Because most of
brand-name users will be switched to a generic analog within

2 to 3 years, we felt that long-term surveillance of adverse
events is justified because the usage of generic drugs has not
been tested for clinical equivalence (only bioequivalence ver-
sus brand-name drug). Losartan, valsartan, and candesartan
lost their patent in January 2012, January 2011, and April
2011, respectively. There was a delay of 2 to 3 months between
patent loss and the exact date when a patient claimed the first
generic analog for the first time. This could be explained by
administrative delay for registration of those new generic
drugs on the provincial formulary as for drug coverage within
the public plan.’’

For losartan, valsartan, and candesartan, we observed a
clinically significant increase of adverse events the month
of generics commercialization for generic users. Increases
were clinically significant for all studied drugs (losartan,
8.0%; valsartan, 11.7%; and candesartan, 14.0%) and signifi-
cantly higher versus brand-name for valsartan and candesar-
tan (P<0.0001). In addition, for valsartan and candesartan,
we observed simultaneous decreases in adverse events rate
for brand-name users. A statistically significant polarity was
also observed for losartan in the trend of all adverse events
<1 year after generics commercialization. These results are in
contrast from Paterson et al,'* who did not observe an increase
in hospitalizations for major hemorrhage or cerebral throm-
boembolism after the implementation of a generic warfarin
substitution policy in Ontario. However, time series were not
stratified for generic and brand-name users and were not con-
ducted for at least 12 months after policy implementation.*
In another study including 15 different drugs of various thera-
peutic indications, a statistically meaningful increase in the
number of reported adverse events was observed after generic

Table 3. Estimation of Rates of Adverse Events 24 Months Before and 12 Months After Generic Valsartan Commercialization

Difference in
All Users Generics Brand Name = Proportions 95% Cl
Trend before generics commercialization (%, 1st to 23rd month) 0.2 NA 0.2 NA NA
Level change the month of generics commercialization (%, 24th month) -1.6 11.7* -5.41 17.1% 9910243
One-year trend change after generics commerecialization (%, 24th to 36th month) 0.0 -0.5 -0.5 0.0 -1.0t0o 1.1

For interrupted time series analyzed by negative binomial segmented regression (%o=ecc1x100). All users include generic and brand-name users; generics
include 5 different versions of generic valsartan. 95% Cl indicates 95% confidence interval around the difference in proportions; NA, not applicable; difference in

proportions of change in adverse events between generic and brand-name users.
*P<0.001.
1P<0.05.
$P<0.0001.
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Table 4. Estimation of Rates of Adverse Events 24 Months Before and 12 Months After Generic Candesartan Commercialization

Difference in
All Users Generics Brand Name Proportions 95% Cl
Trend before generics commercialization (%, 1st to 23rd month) 0.3* NA 0.3* NA NA
Level change the month of generics commercialization (%, 24th month) -0.8 14.01 -2.6 16.63 7.91025.3
One year trend change after generics commercialization (%, 24th to 36th month) -0.8* -1.1* -1.1§ 0.1 -1.1t01.2

For interrupted time series analyzed by negative binomial segmented regression (%=e®ce-1x100). All users include generic and brand-name users; generics
include 3 different versions of generic candesartan. 95% Cl indicates 95% confidence interval around the difference in proportions; and NA, not applicable; difference

in proportions of change in adverse events between generic and brand-name users.

*P<0.05.
1P<0.001.
$P<0.0001.
§P<0.01.

introduction on the market for 7 of these drugs after negative
binomial regression analysis.?> Again, results were not strati-
fied for generic versus brand-name users, just like in another
recently published article,”® who revealed no difference in
adverse events after bioequivalence approval of particular
products in United States. Coherently, our nonstratified analy-
ses revealed limited impact of generics commercialization for
all users (generic and brand-name users together).

The immediate increase of adverse events observed after 3
different generic drugs commercialization could hypothetically
be explained by differences between drugs. Homologation
standards require bioequivalence between brand-name and
generic versions. A 20% variability for some pharmacokinetic
parameters is accepted for most oral generic analogs® to be con-
sidered bioequivalent. In the product monographs, bioavail-
ability features of 5 out of the 16 studied generic ARBs were
statistically different from the brand-name counterpart.*>=¢ In
our study, patients could have been substituted to a generic
version that is 6% to 21% different from the brand-name ver-
sion that was used. Such a substitution to a more or less potent
and effective version could have consistently happened for
candesartan,*-¢ and interestingly, this is also the drug with the
highest effect on adverse events right after generics commer-
cialization. The increase in adverse events between generic
and brand-name users could also be explained by differences
in users’ characteristics. Post hoc descriptive analysis (Table V
in the Data Supplement) were performed to compare charac-
teristics of generic versus brand-name users the first 2 months
after generics commercialization. As expected, material and
social deprivations are discordant characteristics between
early generic versus concomitant brand-name users. Socially
and mostly materially deprived patients tended to go on gener-
ics first, once available, which is coherent because generics
are less expensive. However, it should be reminded that public
drug coverage is universal in Quebec, Canada, especially for
citizens 265 years old.*** Therefore, they only pay out a frac-
tion of the drug’s full price, either on brand-name or gener-
ics. Furthermore, copayment is minimal for those with low
income. Along with this universal system, patients do not need
to pay out of the pocket for physician visits, ER consultations,
or hospitalizations. Another disparity between early generic
users versus brand-name users the first 2 months of gener-
ics commercialization is the region of residence. Nonurban
areas (everywhere in Quebec except the urban one with >1.5

million inhabitants) and early generic usage are associated.
We think this could be because of (1) commercial practices
(lower sales representativeness of brand-name drug in phar-
macies and doctors’ office in nonurban areas), and (2) differ-
ent disparities in material deprivation affecting the propensity
to be switched to a generic version. In any case, even with
social and material deprivation disparities, the age and num-
ber of comorbidities speak for themselves: clinical differences
are minimal. Our results are further supported by our third
sensitivity analysis (stratification for patients at high and low
risk of adverse events based on the number of cardiovascu-
lar comorbidities and socioeconomic status), which yielded
similar results. The falsification analysis revealed variable but
potentially interesting results (Figure VIIA through VIIC in
the Data Supplement). In line with our a priori hypothesis, we
found higher rates of specific cardiovascular adverse events
(or specific ARBs-related outcomes) for all studied drugs and
no difference for nonspecific outcomes for generic users. Even
if differences in rates of nonspecific adverse events were visu-
ally observed for generic valsartan users the month of generic
commercialization, this was not statistically significant. This
difference may be explained in part because this is the group
with the highest denominator (even though low) the month
of generic commercialization (299 generic valsartan users-
month versus 173 generic candesartan users-month versus
113 generic losartan users-month). As previously mentioned,
time series curves were highly labile in falsification analysis.
Therefore, those results must be interpreted cautiously. Time
series and statistical analyses were highly limited because of
lack of power at many points in time, variable denominators
because of drug switches, and possibly insensitive coding of
each specific diagnosis.*

The increase in adverse events is highest the first month
after generic commercialization and is mitigated after, but
some differences persist as rates of adverse events are consis-
tently higher for generic users. The observed excess risk could
hypothetically be the reflection of an acute response to bio-
equivalent, but not identical, generic drugs substitutions for
first generics users, inducing acute adverse drug reactions, or
lack of efficacy. The attenuation the following months could
hypothetically be because of dilution of incident switch-
ers among prevalent generic users, depletion of susceptible
generic users (who could stop the drug or change brand),* or
dosage adjustments for generic drugs users. Reducing trends
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of adverse events for brand-name users only after generics
commercialization should be interpreted cautiously (mostly
observed in high cardiovascular risk patients). Because the
way segmented regressions are constructed, the 1-year trend is
affected by the intervention point estimate (being the month of
generic commercialization in our study) to suit the observed
data. Therefore, for interpretation purposes, the focus should
remain on differences between generic and brand-name users
(level change and trends). Either way, these important results
merit further attention through systematic public health sur-
veillance and more studies considering all potential confound-
ing factors.

Study Limitations and Strengths

Unfortunately, even though we considered many sensitivity
analyses, this type of study does not allow to control for indi-
vidual-level variations or covariates without tangibly affect-
ing the statistical power.*® A potential cofounding variable that
could over or underestimate the differences in proportion of
adverse events after generic commercialization is the fact that
concomitant pharmacological changes were not considered
in this study. As well, another limitation inherent to medico-
administrative databases is the lack of clinical data. Even
though hospitalizations and pharmaceuticals claims databases
are considered highly reliable,*®%*4! we may overestimate or
underestimate our findings. This ecological study was not
intended to evaluate outcomes after intergenerics substitutions
(eg, from generic A to generic B), interlots substitution of a
same drug (eg, from lots A to lots B of brand-name losartan),
to compare drug performance, neither controlling for other
potential confounders. A retrospective cohort study with sur-
vival analysis would be pertinent to compare the time-to-event
between individuals exposed to generic substitution and those
using only the brand-name drug. This would offer the oppor-
tunity to control for many potential confounding variables or
to create propensity-matched cohort by using an appropriate
propensity score. Nevertheless, time series designs are known
to be among the strongest designs to evaluate intervention
effect in the population (ie, policy changes at national level)
when randomized controlled trials are not possible.*® Threat
to internal validity are prevented by the method of segmented
regression analysis, implying exactly 24 assessments of the
monthly rate of adverse events before and 12 assessments
after commercialization of generics for each model and con-
trolling for preexisting trend.

Conclusions

In this time series analysis, there seems to be an increase of
ER consultations and hospitalizations after generics commer-
cialization among generic users for 3 antihypertensive drugs
of the same class. The increase was more pronounced for can-
desartan, which is the studied drug with the largest difference
in comparative bioavailability studies. Along with bioavail-
ability differences between generic and brand-name drugs,
some differences in user’s characteristics could partly explain
our findings. A study evaluating the time-to-event between
exposed to generics substitution compared with continuous
users of brand-name drugs and controlled for several poten-
tial confounders would be required because this could have an

Generics Commercialization and Adverse Events

impact on public health and policies. Until then, this situation
merits further attention. Systematic public health surveillance
with accurate pharmacovigilance reporting to health author-
ity would contribute to the safety of generic and brand-name
drugs usage in real-life conditions.
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SUPPLEMENTAL MATERIAL
Methods
Monthly cohorts and exposure

Exposure to generic or brand-name drugs were captured at an individual level, reflecting each
patients’ actual drug exposure for every single-day of contribution to monthly cohorts, either before or
after generics commercialization (Figures S1a and S1b of this document). After generics
commercialization, many patients remained on brand-name, while others switched on a generic
version. Apart from random coding errors in medico-administrative files, there is very low probability
of misclassification between generic and brand-name usage. Assessment of medication adherence was
not possible, as time series design does not permit the follow up of individual patients through the 36-
month period. However, patients were only contributing to time series if they had an active drug claim

in their possession. Therefore, patients were not contributing during periods of non-persistence.

Statistical analyses for interrupted time series and segmented regressions

Descriptive statistics of all relevant patients’ characteristics were performed, including proportions,
means and standard deviations, as appropriate. Specifically, these characteristics included age, sex,
number of comorbidities and detailed proportions of diagnoses, number of concomitant different drugs
with active claim (defined as non-proprietary name), social and material deprivation status based on a
validated method? and region of residence. As post-hoc analysis, characteristics of brand-name vs.
early generic users were described.

We used negative binomial regression as crude rates of adverse events is the dependent variable?.

The distribution of such rates generally follows a Poisson distribution rather than a Gaussian



distribution; frequency of rates are naturally negatively skewed and overdispersed® 3. Negative
binomial regression models are flexible enough to provide a best fit to such abnormally distributed data
and include a specific variable to control for overdispersion. All regression models were constructed
using the GENMOD procedure in SAS Enterprise Guide 7.1 (SAS Institute Inc., Cary, NC, USA) and
verified for their respective validity assumptions (1% order autocorrelation and seasonality) by residuals
graphs examination and Durbin-Watson statistic. All others analyses were also performed with SAS
Enterprise Guide 7.1, except for the first sensitivity analysis of this study. The latter was performed
using adjusted autoregressive models for time series data using the ARIMA procedure only available in
SASI/ETS (controlling for autocorrelation and seasonality). Details regarding model construction,
variables, parameters, and equation regressions are presented in Table S6. As mentioned in the
manuscript, a second sensitivity analysis was performed without correction for CMOS.

A third sensitivity analysis was performed by stratification of each time series based on the number
of cardiovascular comorbidities associated to the risk of adverse events. Specifically, patients were
classified as either being at high or low risk of adverse event based on the prevalence of the following
comorbidities: hypertension, heart failure, ischemic cardiomyopathy, diabetes, chronic pulmonary
obstructive disease, stroke, acute pulmonary edema, cardiac arrhythmias, chronic or acute renal failure,
cardiogenic shock and heart valves disease. Patients at high risk where those with > 3 cardiovascular
comorbidities and patients at low risk had < 3 cardiovascular comorbidities. The cut-off of > 3 was
selected as this was including the upper third of patients with concomitant comorbidities (39.5%
patients for losartan; 34.5% for valsartan and 35.1% for candesartan). Segmented regression models
were conducted for all drugs and all adverse events as previously described. As well, our statistical

program was validated by two different statisticians.

A final analysis (falsification analysis) was conducted using an a priori identified “tracer” outcome
based on specific vs. non-specific adverse events possibly associated with ARBs treated patients (Table

2



S1). Segmented regression models were conducted for each drug, for specific and non-specific
outcomes. Based on our research hypothesis, we did expect higher rates of specific cardiovascular
adverse events (or specific ARBs-related outcomes), but no difference for non-specific outcomes, for

generic users.



Figure Sla. Algorithm of exposure for generic and brand-name drug users constituting monthly time

series cohorts
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Figure S1b. Illustration of an open monthly cohort (example of April 2011)
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Figure S2a. Utilization of generic analogs after patent expiry of brand-name losartan
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Figure S2b. Utilization of generic analogs after patent expiry of brand-name valsartan
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Figure S2c. Utilization of generic analogs after patent expiry of brand-name candesartan
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Figure Legend for Figures S2a, S2b and S2c.
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Figure S3. Flow chart of patients included in time series
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Figure S4a. Interrupted time series analyses of hospitalizations and emergency room consultations 24

months before and 12 months after commercialization of 8 generic losartan analogs
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Figure S4b. Interrupted time series analysis of hospitalizations and emergency room consultations 24

months before and 12 months after commercialization of 5 generic valsartan analogs
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Figure S4c. Interrupted time series analysis of hospitalizations and emergency room consultations 24

months before and 12 months after commercialization of 3 generic candesartan analogs

Rate for 1000 users-months

30

25

20

15

10

Jul
2009

Hospitalizations

Immediate difference: 20.9%
[95% CI: 5.9% — 35.8%]

f—%\

1-year difference: 0.0%
[95% CI: -1.9% — 1.8%)]

Jul
201

Jun
1 2012

24 months before and 12 months after
generic candesartan commercialization

Rate for 1000 users-months

140

120

100

80

60

40

20

Emergency room consultations

Immediate difference: 15.1%
[95% CI: 6.5% — 23.7%)]

f—%\

Jul
2009

1-year difference: 0.2%
[95% CI: -1.0% — 1.3%)]

Jul Jun
2011 2012

24 months before and 12 months after
generic candesartan commercialization

13



Figure Legend for Figures S4a, S4b and S4c
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Table S1. Specific and non-specific cardiovascular outcomes or adverse angiotensin Il receptor blockers reactions

Adverse events

. Specific outcomes Codes Non-specific outcomes Codes
categories
Coronary heart diseases 12000 1255 Pneumonia J120to JI89
Heart failure 1500 t0 1528 Bronchitis J200 to J22
. Chronic obstructive
Hospitalizations Acute renal failure N19, N170-N179 oulmonary disease J440 and J449
ICD-10-CA codin ili
( 9 Syncope R55 Senility R54
Hypertension 1100 to 113 Dementia FO3
Hypotension (orthostatic or not 1951 to 1959 i
yp _ ( rihosta ) Tumor _(benlgn or 00 to CO7
Atrial fibrillation 14800 to 14890 malignant)
Coronary heart diseases, angina 402000 40291 Pneumonia 4800 to 4869
y ang 4109 to 4149
Chest pain 7865 to 78659 Urinary tract infection 5959 and 5990
hroni ;
Syncope 7802 ¢ :;n;;bs;rlug':\;e 4969
Emergency room = B yh't'S : 4660; 4909 t
consultations Heart failure 4280 to 4289 ronenitis 4919 °
(ICD-9 coding)
Hypertension 4010 to 4019
Acute renal failure 5845 to 5869
Atrial fibrillation 4273
Hypotension (orthostatic or not) 4589 and 4580
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Table S2. Estimation of rates of hospitalizations and emergency room consultations 24 months before and 12 months after generics losartan

commercialization.

Hospitalizations

Emergency room consultations

Generics Brand-name DP 95% Cl Generics Brand-name  DP 95% Cl
Trend before generics
commercialization n/a -0.2 n/a n/a n/a -0.4+ n/a n/a
(%, 1 to 23" month)
Level change the month of
generics commercialization -5.1 -5.6 0.5 -13.0-14.0 10.77 2.3 8.5* 0.0-17.0
(%, 24" month)
One year trend change after
generics commercialization 1.2 -2.1 3.3* 0.7-5.9 -0.2 -2.1% 1.9+ 05-32

(%, 24™ to 36™ month )

Using models of segmented negative binomial regression; DP: difference in proportions; 95% CI: 95% Confidence interval around the difference in proportions; n/a:

not applicable; * means p < 0.05; T means p < 0.01; { means p < 0.001.
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Table S3. Estimation of rates of hospitalizations and emergency room consultations 24 months before and 12 months after generics valsartan

commercialization.

Hospitalizations Emergency room consultations

Generics Brand-name DP 95% Cl Generics Brand-name DP 95% ClI
Trend before generics
commercialization n/a 0.3* n/a n/a n/a 0.1 n/a n/a
(%, 1% to 23" month)
Level change the month of
generics commercialization 11.5* -11.6F 23.1% 12.2-34.0 10.87 -3.8 14.7% 7.1-222
(%, 24" month)
One year trend change after
generics commercialization -0.2 -0.3 0.1 -15-1.7 -0.5 -0.6 0.1 -1.0-11

(%, 24" to 36™ month )

Using models of segmented negative binomial regression; DP: difference in proportions; 95% CI: 95% Confidence interval around the difference in proportions; P

value from contrast test: gcoefficient-l(generics) /g gcoeficient-1(brand-name). * myeang p < 0.05; + means p < 0.01; 3 means p < 0.0001.
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Table S4. Estimation of rates of hospitalizations and emergency room consultations 24 months before and 12 months after generics

candesartan commercialization.

Hospitalizations Emergency room consultations

Generics Brand-name DP 95% ClI Generics Brand-name DP 95% ClI
Trend before generics
commercialization n/a 0.3 n/a n/a n/a 0.2* n/a n/a
(%, 1% to 23" month)
Level change the month of
generics commercialization 20.5+ -0.3 20.2} 5.9-35.8 11.9% -3.2 15.1% 6.5-23.7
(%, 24" month)
One year trend change after
generics commercialization -1.8* -1.8% 0.0 -1.8-1.9 -0.8 -1.0% 0.2 -1.0-1.3

(%, 24" to 36™ month )

Using models of segmented negative binomial regression; DP: difference in proportions; 95% ClI: 95% Confidence interval around the difference in proportions; P

value from contrast test: gcoefficient-l(generics) ;g gcoefficient-1(brand-name). * meangs p < 0.05; T means p < 0.01; § means p < 0.001.
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Figure S5a. Interrupted time series analysis of adverse events 24 months before and 12 months after

commercialization of 8 generic losartan analogs for all users (generic and brand-name users: dotted

line)
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Figure S5b. Interrupted time series analysis of adverse events 24 months before and 12 months after
commercialization of 5 generic valsartan analogs for all users (generic and brand-name users: dotted
line)
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Figure S5c. Interrupted time series analysis of adverse events 24 months before and 12 months after

commercialization of 3 generic candesartan analogs for all users (generic and brand-name users: dotted

line)
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Figure Legend for Figures S5a, S5b and S5c¢
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95% Confidence interval around the difference in proportions
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Figure S6a. Interrupted time series analysis of adverse events 24 months before and 12 months after commercialization of 8 generic losartan

analogs stratified for risk of adverse events
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Figure S6b. Interrupted time series analysis of adverse events 24 months before and 12 months after commercialization of 5 generic

valsartan analogs stratified for risk of adverse events
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Figure S6c. Interrupted time series analysis of adverse events 24 months before and 12 months after commercialization of 3 generic

candesartan analogs stratified for risk of adverse events
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Figure Legend for Figures S6a, S6b and S6¢

Observed rates for brand-name users

—@— Observed rates for generic users
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Figure S7a. Interrupted time series analysis of specific vs. non-specific cardiovascular adverse events

24 months before and 12 months after commercialization of 8 generic losartan analogs
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Figure S7b. Interrupted time series analysis of specific vs. non-specific cardiovascular adverse events

24 months before and 12 months after commercialization of 5 generic valsartan analogs
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Figure S7c. Interrupted time series analysis of specific vs. non-specific cardiovascular adverse events

24 months before and 12 months after commercialization of 3 generic candesartan analogs
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Table S5. Post-hoc descriptive characteristics of generic and brand-name losartan, valsartan and candesartan users during 1% and 2" month

after generics commercialization

Characteristics valsartan candesartan
Brand-name Generic Brand-name Generic Brand-name Generic
Age (> 80 years old) 37.3 40.2* 354 37.5*% 34.8 354
Women (%) 62.7 64.5* 60.0 58.5* 61.7 62.0
Comorbidities (number)
All comorbidities 31+19 3.3+20% 3.0+19 3.2+2.0% 3.1+19 3.2+ 203
Cardiovascular comorbidities 22+15 2.5+ 1.6% 2315 24 +1.6% 24+15 2.4 + 1.67
Concomitant drugs (number)
Non-proprietary name 10.1+5.8 10.8 £ 6.0% 9.8+59 9.9 £6.0} 9.9+£58 10.2 £ 6.07
Socioeconomic status (%, lowest
quintile is favoured)
Social deprivation (lowest) 16.1 15.2 154 16.0 154 15.0
Social deprivation (highest) 22.2 24.8 23.1 23.3 22.8 24.7
Material deprivation (lowest) 22.3 16.5% 18.1 12.9% 18.4 14.5*
Material deprivation (highest) 19.3 23.2% 21.4 25.7% 20.1 23.4*
Region of residence (%0)
ﬁ:ﬁ:t;isf million 54.7 45,81 49.3 34.11 49.7 33.0;
Rural (< 10 000 inhabitants) 17.9 22.3% 19.6 27.7% 19.0 24.8;

Data are presented as proportions or mean * standard deviations; statistical significance evaluated using the chi-square test or independent
sample t-test; * means p < 0.05; ¥ means p < 0.01; § means p < 0.0001.
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Table S6. Time series regressions parameters

Parameters Estimate Standard error | 95% QI_ 95% QI . Chi square P value
ower limit upper limit value

Losartan: all users grouped together
Bo: Intercept -2.3050 0.0164 -2.3372 -2.2729 19771.99 <0.0001
B,: Time (Before) -0.0032 0.0011 -0.0055 -0.0010 8.07 0.0045
B>: Commercialization 0.0280 0.0267 -0.0244 0.0804 1.09 0.2955
B5: Time*Commercialization (After) 0.0065 0.0034 -0.0003 0.0132 3.52 0.0606
Dispersion 0.0009 0.0004 0.0004 0.0020

Losartan: with a specific variable identifying generic and brand-name users
Bo: Intercept -2.3050 0.0169 -2.3381 -2.2720 18672.5 <.0001
B,: Time (Before) -0.0032 0.0012 -0.0056 -0.0009 7.61 0.0058
B: Commercialization 0.0046 0.0320 -0.0581 0.0673 0.02 0.8856
B,: Generic*Commercialization 0.0768 0.0326 0.0129 0.1407 5.55 0.0185
B, Time*Commercialization (After) -0.0172 0.0058 -0.0285 -0.0059 8.92 0.0028
B,:Time*Commercialization*Generic (After) 0.0171 0.0070 0.0033 0.0309 5.92 0.0150
Dispersion 0.0010 0.0004 0.0005 0.0021

Valsartan: all users grouped together
Bo: Intercept -2.3206 0.0153 -2.3506 -2.2906 22976.79 <0.0001
B,: Time (Before) 0.0016 0.0011 -0.0005 0.0037 2.28 0.1306
,: Commercialization -0.0161 0.0249 -0.0650 0.0328 0.42 0.5190
[5: Time*Commercialization (After) -0.0003 0.0032 -0.0066 0.0059 0.01 0.9149
Dispersion 0.0010 0.0003 0.0006 0.0019

Valsartan: with a specific variable identifying generic and brand-name users
B,: Intercept -2.3206 0.0161 -2.3521 -2.2891 20868.5 <.0001
B1: Time (Before) 0.0016 0.0011 -0.0006 0.0038 2.07 0.1502
Bs: Commercialization -0.0553 0.0270 -0.1082 -0.0024 4.19 0.0407
Ba: Generic*Commercialization 0.1107 0.0313 0.0493 0.1720 12.48 0.0004
Be: Time*Commercialization (After) -0.0066 0.0036 -0.0137 0.0005 3.30 0.0692
B,:Time*Commercialization*Generic (After) 0.0012 0.0053 -0.0092 0.0117 0.05 0.8171
Dispersion 0.0012 0.0003 0.0007 0.0020

Candesartan: all users grouped together
Bo: Intercept -2.3326 0.0163 -2.3646 -2.3007 20511.40 <0.0001
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B1: Time (Before) 0.0025 0.0011 0.0003 0.0048 4.80 0.0284

B: Commercialization -0.0084 0.0265 -0.0604 0.0436 0.10 0.7518
[S5: Time*Commercialization (After) -0.0084 0.0034 -0.0151 -0.0017 6.06 0.0138
Dispersion 0.0011 0.0004 0.0006 0.0021
Candesartan: with a specific variable identifying generic and brand-name users
B,: Intercept -2.3050 0.0169 -2.3381 -2.2720 18672.5 <.0001
B,: Time (Before) 0.0025 0.0012 0.0001 0.0049 4.16 0.0413
B: Commercialization -0.0264 0.0291 -0.0834 0.0306 0.82 0.3637
B,: Generic*Commercialization 0.1310 0.0371 0.0583 0.2037 12.47 0.0004
Be: Time*Commercialization (After) -0.0141 0.0038 -0.0216 -0.0065 13.35 0.0003
B,:Time*Commercialization*Generic (After) 0.0033 0.0060 -0.0086 0.0151 0.29 0.5893
Dispersion 0.0013 0.0004 0.0007 0.0024

ClI: confidence interval of the estimate. Before: 24 months before generics commercialization; Commercialization: Month of generics commercialization; After: 12

months after generics commercialization for generics users; Dispersion is a variable used with negative binomial regression models to control for overdispersion of
variance.

Basic regression equation for all users grouped together
E[Y;]= exp{By+B; Time;(before)+ B,COM.; + B (Time*COM. );(after)+Dispersion}

Basic regression equation with a specific variable identifying generic and brand-name users
Bo+B, Time;(before)+ B,Generic;+f;COM.; +B,(COM.*Generic) (after)
E[Y;]=exp +Bs(Time * Generic);(before)+Bq(Time*COM.);(after)
+B,(Time*COM .x Generic);(after)+Dispersion

This equation implies that the reference group is made up of brand-name users before generic commercialization. Thus, it is easy to prove that the terms B, Generic;
and Bs(Time = Generic);(before) will always be zero since there is no rate for the group of generics before commercialization.

Bot B, Time;(before)+ B;COM.; +8,(COM .*Generic);(after)
E[Y;]= exp +B¢(Time*COM. );(after)
+B,(Time*COM . Generic);(after)+Dispersion
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